Background: Vitamin D endocrine system controls calcium homeostasis and bone metabolism in addition to cellular proliferation and differentiation. Several new studies have publicized that calcitriol which represent the active form of vitamin D is involved in hematopoiesis. Furthermore, vitamin D receptor (VDR) mediates vitamin D activity. Therefore VDR gene has been proposed as one of the candidate genes for anemia. Aim: Study relationship between low hemoglobin level as the first cause for anemia and (ApaI and TaqI) polymorphisms of VDR gene in terms of genotype and allele in unrelated normal healthy individuals without chronic kidney diseases of Egyptian population. Subjects and methods: A case-control study including 130 unrelated Egyptian donors (81 cases and 49 controls) deprived of chronic kidney diseases was designed to check the relationship between VDR gene polymorphisms and low hemoglobin level. Two SNPs [ApaI (rs7975232) and TaqI (rs731236)] were typed by polymerase chain reaction (PCR) method.
INTRODUCTION
Healthy skeletal and neuromuscular tissues depend on vitamin D due to its important role in blood calcium and phosphorus balance [1] . Humans can acquire vitamin D from diet and through photosynthesis with the direct contact with sunrays. Vitamin D is converted in the liver to (25(OH)D), then to its active form 1,25-dihydroxy vitamin D in the kidney [2] . In recent times, it is shown that vitamin D has been related to epithelial functions, metabolic regulation, immunity, and chronic diseases [3] . Besides, several scientific studies suggested the vitamin D responsibility for normal erythropoiesis [4] . The significant connection between the Vitamin D insufficiency and anemia has been disclosed [5] . The effects of this molecule are essentially exerted through its cognate, the vitamin D receptor (VDR) [6] . Moreover, there was a correlation between VDR polymorphisms and vitamin D 3 level [7] . Therefore, VDR gene has been suggested for hemoglobin low level. Anemia is one of the most common and well-known disorder in the world. It is a global public health problem in both developed and non-developed countries. World Health Organization (WHO) was defined anemia as a disorder in which the oxygen-carrying hemoglobin or the number of red blood cells is inadequate to meet physiological needs. With 24.8%, anemia affects nearly 1/4 of the global population, commonly in pregnant and non-pregnant women and in preschoolaged children [8] . There is a variety of causes that can induce the decrease of hemoglobin level and so anemia such as inadequate iron intake, hemolysis, chronic blood loss, malabsorption, chronic disease, or a combination of these [9] [10] [11] . While several studies focus on the relation of VDR with anemia in hemodialysis and chronic kidney patients, there is global paucity of studies investigating the effect of VDR polymorphism on blood hemoglobin (Hb) levels in population without kidney diseases. At present, ApaI; rs7975232, TaqI; rs731236, BsmI; rs1544410, and FokI; rs10735810 are the most SNPs in the VDR gene that have been studied [12, 13] . There are several methods labeled for the rapid detection of SNPs such as PCR method. In most studies, VDR genotyping has been operated using polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP) technique. This procedure is bulky, consume time, and their results are sometimes difficult to understand. One of the progresses in DNA amplification technology was allele-specific oligonucleotide PCR or the amplification refractory mutation system (ARMS). This technique is a specific and rapid test that was firstly designed by Newton in 1989 to detect known single-base substitutions or insertions. In ARMS-PCR, a single PCR tube contains 2 pairs of primers that can amplify both normal and mutant alleles at the same time and can allow amplification of an internal DNA control [14] [15] [16] . Furthermore, in the double ARMS-PCR two allele specific primers can be used simultaneously during PCR to separate a sequence of interest from two or more closely related sequences. While the genetic profile of VDR and its association with anemia is still under discussion, in this study, we examined the relationship between hemoglobin low level as the first cause for anemia and the VDR gene polymorphisms (ApaI and TaqI) in terms of genotype and allele in Egyptian population.
SUBJECTS AND METHODS:

Subjects and Measurements
A case-control study including 130 unrelated normal healthy individuals without kidney diseases of Egyptian donors (81 cases and 49 controls) was designed to study the link between VDR gene polymorphisms and low hemoglobin level as the first cause for anemia. Data were collected on current age, age at menopause (For women), ethnicity, educational level, and medical history. Blood samples were collected from medical laboratories and hospitals from October 2013 until March 2014. Blood samples were collected on EDTA from donors and DNA was separated from white blood cells by Blood DNA Preparation Kit (Jena Bioscience GmbH, Germany). Both genomic DNA and blood serum were stored at -20°C until further processing. Concentration of blood hemoglobin (Hb) was measured using colorimetric end point cyanmethemoglobin method by Vitro Scient kit (MDSS GmbH, Germany), serum iron was measured using colorimetric method by Biodiagnostic kit (Giza, Egypt), and serum ferritin (F) was measured using solid phase enzyme-linked immunosorbent assay by Immunospec Ferritin Quantitative Test Kit (Owensmouth Ave, Canoga Park). Anemia was defined as a hemoglobin concentration <13.0 g/dl for males, <12.0 g/dl for females, and <11.5 g/dl for children and iron deficiency as a serum ferritin <15 ng/mL, and serum iron <7.3 Mmol/L.
Genotyping
Vitamin D receptor genotypes were determined with double ARMS-PCR method. In this method, each sample was done with 4 PCR reactions with final volume of 25μl for each reaction. Each reaction composed of 5 μl of DNA, 10 μl of master mix (Buffer, dNTP mix, MgCl2, Taq Polymerase) and 5 μl of one of 4 diluted primers mixtures. In double ARMS-PCR method, we prepare 4 primers mixtures for 4 PCR reactions. Each primer mixture composed of two primers (A, a, T and t) Table (1) . Amplification conditions were: 96°C/1min; 5 cycles (95°C/25sec, 61°C/40sec, 72°C/42sec.); 21 cycle (96°C/25sec, 65°C/50sec, 61°C/45sec.); 4 cycles (96°C/25sec, 55°C/60sec, 72°C/120sec.); 72°C/5min. PCR products have been evaluated by 2% agarose gel (Sigma) stained with ethydium bromide under ultraviolet light. For each sample one or two PCR reaction as maximum will give band at 117 bp. Each sample will give one of the four possible haplotypes (AATT; aatt; AAtt, aaTT) for the two polymorphisms (ApaI, and TaqI).
Statistical analysis
All the statistics was done with "SPSS" software version 16.0. Unpaired Student's -test was utilized to evaluate continuous clinical data, while chi-square test was utilized to evaluate categorical variables between patients and control. Data were expressed as mean± standard error of mean (SE) (continuous variables) or as the number and percent of patients (categorical variables). The genotype frequencies in controls and patients were evaluated for (HWE) with (Exact Fisher's method) when excepted cell frequency is less than 5. Armitage's trend test and Allele freq. difference test is used to test the significance in difference between genotypes and alleles frequencies distribution respectively. Logistic regression was performed under three genotypic models (Co-dominant, dominant and recessive). The power of connection was expected by (OR), with 95% (95% CI). The statistical significance was confirmed for p<0.05. While (ANOVA) was done to evaluate the link between the polymorphism at both sites and quantitative hematological parameters were evaluated using the (GLM) procedure of the Statistical Package for Social Sciences version 22.0.
RESULTS:
Subjects characters
Demographic and clinical characteristics of subjects in anemic and control groups are shown in Table ( 2). No significant differences were found between these two groups in mean age (P>0.05) or serum concentration of ferritin (P>0.05) but there was a significant difference between them in gender, hemoglobin, and serum concentration of iron (p<0.05).
Distribution of ApaI and TaqI VDR gene polymorphisms
Genotypes and alleles distribution for both VDR sites are shown in Table ( 3). The most frequent genotypes of the ApaI and TaqI polymorphisms were GT and TC respectively. No significant difference was observed between cases (p>0.05) and control groups (p>0.05) in the genotypic frequencies of ApaI SNP thus both allele and genotype were in HWE. But in case of TaqI SNP it was revealed that both cases and control groups were deviated from Hardy-Weinberg equilibrium in the distribution of genotype frequencies (p<0.05). Armitage trend test and Allele frequency difference test show that both genotype and allele distributions of ApaI and TaqI SNPs have no significant between cases and control groups (p>0.05) Tables (3-5). The results of the association between anemia and the VDR SNPs are summarized in Table (5) . Analyses using codominant, dominant, and recessive models failed to reveal any association between the ApaI polymorphism and anemia. Also no evidence of significant association between TaqI polymorphism and anemia was observed under codominant, dominant, and recessive models (Table 5) .
Pearson Correlation
A significant negative correlation between Hb and serum level of ferritin was found (p<0.05). But neither Hb nor ferritin has significant correlation with iron (p>0.05) Table (6) 
DISCUSSION:
The goal of this work was to find out if common VDR polymorphisms cause low hemoglobin level as the first cause of anemia in a random Egyptian population without chronic kidney disease. VDRs belong to a family of transacting transcriptional regulatory factors and have a sequence similarity to thyroid hormone and steroid receptors. It is expressed in at least 37 tissues such as pancreatic β cells, cardiovascular cells, muscle cells, lung, and brain [17, 18] . The VDR is mediating most biological activities of vitamin D. VDR binds the active form of vitamin D (calcitriol) and then modulates several physiological systems: neural, immune, endocrine, apoptosis, calcium and phosphorous homeostasis, and cell differentiation [19, 20] . The polymorphism of the VDR gene could lead to significant receptor dysfunction and then related to health outcomes including low bone mineral density, autoimmunity, infections, cardiovascular disease and cancers. In this study, we analyzed ApaI; rs7975232 and TaqI; rs731236 SNPs frequencies of VDR gene with low hemoglobin level as the first cause for anemia in a hospital-based casecontrol design with 81 Egyptian patients with anemia and 49 healthy controls. Analysis of our results revealed that no connection was observed between any of the polymorphisms and threat of anemia in this Egyptian population in terms of genotype or allele frequencies for the VDR SNPs examined. A similar finding was observed by T. Binh, et al. [21] as the allele and genotype frequencies for both TaqI and ApaI SNPs showed no significant difference between patients and controls. The hypothesis that VDR may be implicated in pathogenesis of anemia derives from the observation that vitamin D deficiency had significant association with anemia, and calcitriol, the active form of vitamin D, was involved in hematopoiesis5 [5, 22] . Our results do not support this hypothesis in Egyptian population without chronic kidney disease. We have reported a lack of statistical significance for such an association in terms of genotype and allele under codominant, dominant, and recessive models for the covariates (age, blood hemoglobin level, age at menopause (For women), educational level, ethnicity, medical history, serum ferritin and iron). Several studies supported the link between VDR gene polymorphism and anemia in hemodialysis and chronic kidney patients. According to Sehsuvar Ertu¨rk, BsmI polymorphism may have a role in the management of anemia in hemodialysis patients. The BB genotype is one of the strongest independent predictors for both lower Hb level and greater erythropoietin (EPO) need [23] . Furthermore Jessica Cusato proved the role of VDR gene polymorphisms in the ribavirin-induced anemia in HCV-patients at 2 and 4 weeks of medication [24] . Moreover, large-scale studies indicate that vitamin D insufficiency was associated with more risk for anemia incidence in general population. It is well recogized that VDR gene polymorphisms are linked with the risk of several diseases other than anemia such as diabetes mellitus [25, 26] , hepatitis B virus [27] , cancers [28] , etc. In 2009, Panierakis et al. [25] published a report that finding a relationship between ApaI and TaqI polymorphisms and type 1 diabetes mellitus in Greece population. One year later, a paper of Huang et al. [27] showed the connection between the ApaI and TaqI polymorphisms and an more risk for hepatitis B virus incidence in Taiwan. Moreover, Reimers et al. [28] was studying the relationship between VDR gene polymorphisms and breast cancer risk in New York in 2015.
CONCLUSION:
Our study shows characteristics of ApaI and TaqI SNPs of VDR gene in terms of genotype and allele, and suggests no significant association between the individual VDR gene and low hemoglobin level in normal healthy Egyptian population. Therefore, it is early to suggest that VDR gene polymorphism can induce anemia. For additional study on the association between VDR and low hemoglobin level, larger sample size, prospective study design, and additional indicators must be used to improve the findings. Apaa 5' -GTG GGA TTG AGC AGT GAG GG -3'
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Taq -T 5' -CGG TCC TGG ATG GCC TCA -3'
Taqt 5' -CGG TCC TGG ATG GCC TCG -3' (1): a representative 
